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PT (¢ 192mm)
Original 57,000 NATY v FRY ,
EEERR | 47,800 —{£#1 Blunt LE, Thick TE

47,800 Wide Code, Thin TE

R 5 A

ZHUHE, ¥ — Y U E#IR GGT, PT &1, %570
m/ s 5480m,/ s & kol VI VIRBTHEAEL
72GCTEDF vy ¥V FORREIM 7 I27RF,
3.1.2 —fF#IF& 4 — v (Blisk) DA

CGT 302D GGT IZiZ# — Y VB - ¥4 A7 —fKH D
WhWwat 7 A7 a— PR RAEINH, PTICELT
35— OMEN ¢192mm & 2 ) KR THh o727z
D, HmBYELOBHHP LB A Y N E2ERT A A2
CHEZ AL WbWAN, Ty Fa—2 L LCEE SR
720 BOMZARIZIE, €SBV T—HRNZZ )R
XAV =FRIZTV—F - F1 27 BoOEREADR
B LBHATEY, ¥7 75—V hERPRA s 77
T = WSS TR D 720127 4 b ekl 2 AR T RV,
BRTA AR E 2#EE D 2BV — X 2 fill
AARERA L7, UL, #—E U HasEsciE,
A7y FARTREORLWNTHEOFHIHET,
TRET AV MRS DOHTADOKRERTER LT 5LE
WHY, WMOTAMTH 7o HHFHEOHE, 4oy
b CGT WEZEIC 4T T S B8, HRBEkD72®, PTIID
WTHGCT EFUT Y A7 0 — 7 DEENRD SNz,
UL, MEOETEEAM RS L ) HERICHER L,
HYEDTREIZ e > TE 22D TH o720 CGT 302 B ZE
BV THRHEE SN2y — o —% 2 F4ITRT,
3.1.3 ¥ —V¥ M3

¥ —EUBHRBICOVTIE, BABIIERTHY, Yk
D EEEE LS HRESR SN, HHED L T
Holzo TNHLRRDERICEZDDEEZ BN,

1) #—¥r AOREOH —bLABEBEMICER SNz,
(HEFA 7 VORBRL LS Iy 7R 22
T — L ORA)

2) JANRO— Y EOGHERZEETLIE
BTX,

3) k53Ivru—%, Ya5Y FORHPT, gk
AINEVDIZF v T YT 5 AR/NELBHT
&7

Iy Y rEE (EG S/N#4-27) ICTHH SN

KMy —C U HEEE RIS ITRT, B, ¥—E UMk
i, ¥ Iv 7 BOBE S b THED, FHlE VY
OB BO CHEECTCH S & XY, GCGT+PT O#4

ETGT - N2 Farm #13
[1]

E/GR4—2) -
LGRS e

85

Turbine Efficiency (GGT+PT.%)

I
! i
| I ]
® H] g H

e

i
I
I
\
|
i
{
H

128

Power Turbine Rotate Speed:N2(%)
Mg &—¥ ik (S/N-#4-27)

KhEIZTEMM S 7,
3.1.4 7TVLFTIVPT a9y FORR

CGT 302 DEAFWTIX, F—ErDFv T2 )7
T A 0.2mm CTEE S N3, EHKTIX0.35mm
TOEBEVRRTHY, 77VLFTIY 257 FOHIN
PR EEZEZONT Wz, FEWRHELL, FyTo7Y7T
F A 0.35mm THERhEIZL, FKIEET TITER
SNz, LaLl, FRIOFEEIIBWTZ Y v HES)
FERD-D, TTLY TN a5y FOFMERET
VW, ERBBICBERA L, TV TV A5 Y Fid,
N7z 257 FEBRFOD DBERE 52 L2 BAL
TPTHICOARRM SN2, CCT 3021 CBIFBF v T
V75 AEY—EVEORBME RS ITRT,

TTVF TN a5y FidR—-—52A%€5 3 v (N
Si) TEAEEN, €53 v 2BOY Ty Fr—T v
JICES SN, BEsN a2y NiE, oV VE
BT, $TFv 72 U752 R20.2mm OREIITH
Nihs, BHEMIZT7LYEY 51 2R, RERIIME
BAKT Lo Fo 727075 2AREERBIZIEOT
mm FTHMEIN, ZhTd&ICHBIRAET -7

£5 FoTr7IVTI ALY - R (GHEME)

T/C (mm) | GGTZ® | PTHh=R wE
0.10 83.6 (%) 87.7 (%)
0.15 82.7 87.1
0.20 81.8 86.6
0.25 80.9 86.1
0.30 80.1 85.6
0.35 79.2 85.1

I BRI TTHE, F7 b BLU74 7 2-FTORKED
*2 ¥ —¥Vix GGT, PT JtifkmsRal
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AAXAHXE—EEL5

X9 EEREBEOT TV TN 25T F

RBBEOT TV TN 257 FERIIIRT, TDT
TL &7 VR, CGT YRR LIS IR ICHDTH
D, SBRBAEOFMEAREEL 259,
3.2 IEfEi

CGT 302 DML &E L HER L RA L, WHEAT0. 89
kg /s TEHLAS, LrdzhZ HIEMHEIL 82% & B
REIZEDON, Z0kD, BRIIEELED, BE
K ORERAPRREEMESN 2. 2 B, REICDW T Y —
VY /)ANED=yF 728, BREETTO.94,
0.92kg/ s EEBBI N/, R ICHRFTEMEI N
FOEMHBEERT,

EMBOELRWRNIZILLTOE) TH 5,

1) BPAA TR % VAN T 4 7 2 —FEORT

(SN & 5 AR B O R#EAL)

2) IR FEOWE

3) 27 v FRICE 5 EEAFRIK

CDHH, 1) oW TREMEINIZL Y RTHOM
EEH LIS, FRICEDELAOAERFOF 4 72—
FOEPA TR EREHEES L. K10 ICEHS

#6 CGT 302 AT #itk

TP | mgmw | ok | Rk | BEtoa e R
(rpm) kg/s)
A 76,000 0.89 18 INTL—F, 1989
3 WER e

INT L —FREZR [ 1989
RolXT7Y v R,
V7 u—F 4 TR
% 3 REERE

B 76,000 | 0.89 | 14+14

C 69,000 | 0.89 | 14+14 | {EEEEERI(N »I797°) . | 1991

3D #7-2-} Bt

3D #47-a-}" §Et. 1991
Teybe=5" 4V B

D 76,000 | 0.89 [ 14+14

E 76,000 | 0.94 | 14+14 Type D D711 —/3% | 1992

—ER

EEEEEICESF | 1995
e, 3D #M7a-p

F 64,000 092 | 14+14

G 64,000 | 092 | 14+14 3D N-§ -} 1996

H 64,000 | 092 | 9+9+18 | ¥ T A X7 Y v ZEl | 1997
3D N-S 2-}*

A v RSBOMEFELRFSINT 1 72— FAOH
BEERT .

BEENIZA YRS OF T Type F ARRETH o 72,
BHROBRIE ST TVATY v FHBD Type HIiE A
7V v FRORBMEICHEND ), JFEHERBIIHD
lrolz, BIEEN/z Type FOa Y7Ly vy I%
TypeH & B L TH 11 I25R 7,

Type F OMEHEIZ 79.1% O RFEAZI LI 5 /228,
HEMTH D 82% ICITKBICAR LA, 22T, 12
WEHLSRTWAIEMEIIOWT, ®Y bo— 73
THRLARKZRY, R boa— 7R CHM L 254,
CGT 302 DIEMBITEHBRIIBILIRH L NNV OFE
EBTWHEI LY b, SO LEEARDL LIEHBO

Flow Angle / Blade Angle [deg]

16§ |—2—— F impeller exit flow angle (90%N choke) =
——O——— F impeller exit flow angle (90%N) J
~~~~~~~~~ CF-17 diffuser inlet blade angle
CF-21 diffuser inlet blade angle

1 L 1
205 1 3 4 ST 6
! s
Shroud Wall pan [mm] Hub Wall

10 BBosA 774 7 2 —FoE

82

Tan AT

74 ]

72

Adiabatic Efficiency [%]

s daa g b sa g oo leaaalagaa oy

—e—F impeller + CF21 diffuser 1oosM ]
8} |—°— H impeller + CH21 diffuser 4
©  Design Point O“NQX
71F J
= N
g 6 \mﬂ 3
g ssm
g 5 N :
g BO%N ]
]
£ 4 ;
e f 1008

1 L 1

L L i
4 05 06 07 08 09 10
Mass Flow [kg/s]

Compressor Performance Map

X 11 CGT 302 [Efaté~ vy 7
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8

T
[Tersel
i d % o5
85t o ©0 5
8 o°
= o ©00° o 1
B e © oo ]
g - B
2 & oo 1
g °
F] o © j
2 s b
= )
a. 4
4
70+ E
o
65 . L
10’ 10° 10' 10°
Air flow rate [kg/s]

12 JEMBERY b o— 7%

HEMEERED VS S PELHT X202 d kv,
3.3 M3

CGT 7uvy =27 + @ HEEITIZEANTROZER & FHRIC
WREMT YV ThHhH I E (FEH NOx 35 HI4E LL
T REEEBIE70ppm) RO SNTWE, 2D
728, CGT 302 Tl, NOx KDz FREREE S
RERA L, WEREIED SR, FHE S RS
DAF—2%H 13 12RT,

RS S 4 FIZ EEBICH S-S I v 27 8o) v 7
ENLTAT) YRR THEZONTWE, ZOK
BRI EREL D, N B AMNT SN
VT BETHZ L TAT—FILEBEANLERDOER
HIET AHEE 2o TWh, B, TONAINZAEFTY
B ARTEE L7222, BREEICRIEDN b oz, &k
BICIE 1 RIS SR,

PREESHIE T O UV EBITER T AR FITTHRER
BA b ) BT, AR S 4 ) 22— 3
VARV ECSERIMA SR, NOx BEHEIZ EH 4
# (TIT=1350T) THRHMMIZS.9ppm D HER I 7z,
) 7 THUR S 7z CGT 302 OFRBESHFE 2 X 14 1R
Fo BB, TVYVERTORBESORMEIIRHEICET.

D& ITHREES O NOx HEIN A D TERH T
HolzZ Eid, I3 v 7 BOBRBERORM THAIER
ZHPET B Z EASWEEIC R D), A RIIHRBEIREE 25 {3

13 BRBEBFA F— A4

CGT  (Real Pross)
-]
20r 200¢ Pl =8.1 ata
5 =771 %
Ur = 15.6
s S0 £ r n/s
3 é §. Valve Pitot
% 2 195 MEX mnwa uo‘ 2
o100 =100 é 505 o8
-3 byl 25% 0% -
(-] "% oo -0
5. 50}
Target [N ]
ot )
40 60 80 100 12:910
AF kg/kg
0.40.3503 0.25 0.2 0.‘15

Equivalence ratio

14 RRieds ) o BB R

X 15 CGT 302 #7cHags (98 ExEl)

ABHIENTERIDOTHE. T,V 7B TEI Iy
7 BMBESHI SR BIC T, RN ICERRE LR
PR OND Z EDDhoTze T IIIRETIREE R REH
LOEHENKE L TWEEEZ LN,
3.4 BT

CGT 302 O #sc#dnd, HEERE R T 82% 25481
by, THICOVWTHIHERBICERTHIENTE
2o B, BOTHBBICHLTHI Y Y Y OBRN 7 BE
fEEBR D205 — Y v LAk, &57%5%FH IR
BTz, BUESNBHWEBRIOWTIX, ENHEEZH
Y ERBEMFEROLION, FEHICHEE Bb
NizoT, 7L - MR HEERTL I EPEERINS,
WRIBTHEATOTOERESL—-F Qa7) 5, =
VYVVFAMRYVFICINELRRD 9B FE T RIIE
BHEATONIZY, BIE (AHFHT) ICHEEE &L,
BRI 49B0 a7 2z 2% CHR GiRI
W98 B E D) ICTEESN, =¥ Y VRBRICHRAS
N7zo BE - BRI N7 BT % X 15 1R T,

4, I UM%

4.1 T UEGHREE

CGT 3021, FHR2FEEIHOTERM Y VY (%
AR GT) WKEoTHESh, 707 MO XY
XD OV 114 3 A F Tkbe L CERMRERY BT Sh
720 O, 208D DOV YV UBMATTHRN, ik
RERIC BT 5 REERER I 370 BRI R A 7S, O/,
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AARHRXEZ2—E PR

FAR GT 12T 23% (TIT=900C) O#EHEIEZ LKL,
EI% 6 4121 TIT=1190T 12T 33.1% %tk L T 7
Vs bOHMBEEMHETH D 30% FER L2, mED
X4y b CGT 1%, P 10 £ DFKIT 40% % R L 72
A, BAED 42% ~EEEABROBRHIC L > TL IR
CEET A ENTET,

[ 16 \Z4EEE S & @ CGT 302 HAEZ M E % R T,
4.2 IN{Ov MCGTICHBIFBIT LD o HEekE
41y b CGT OEIRBRICEB VT, REIICERD
WL 42.1% PER E Nz 754 2 v b CGT THUHE &
N7MEETF— 2 2R 7% 5T 17 IIRT,

RIZSA @y b CGT 2T EM & 2z M REUE b I
DWVWTHRL, FRMHEIILUTOHE) TH 5,

1) oI voryF v yoREt

2) BEIHEOWRE (¥ —V v, THikk #HASHR)

3) VYot

4) WARBENC X 5 E 5B

1) Oy I reyFrFORBLEEIIYF - D
20— MABERBLT S LD ICRENEBE, ¥ —
Yroru— MAEER - T &, EMBEOEERE
EEEREMABITSES I ENSTE B, b— VKM
MBHEL 25, CCTI02 2D AR - THI1E

45 T 1 1 T
............ Target(42%) ... T
L. 1400°C,311kW
) 40 59°C 277kW
< ,254kW
£ 35 I
S 30
o L
2
Q2 25+
'S © PibtCGT
< | O Basic CGT| |
2057, @ MGT
15 ; 1 ; 1 1 L 1 ; 1 ; 1 1
91 92'93 94 95 96’ 97 '98 99
Year
BI16 CGT 302 4Tk eEZ BB
K7 Nq4uay by Y oNERERE
Engine No. Unit | Target #4-27 #4-31 #4-32 #4-36
Inlet Air Temp. | °C 15 259 127 -1.9 8.6
corr.N1 Nt % 100 98.1 (99.9) 98.0 (97.6) 99.1 (95.1) 100.2 (99.1)
N2 % 100 105.0 103.2 1039 108.0
orr.Output (act) kW 300 254.0(267.1) | 276.8 (2765 | 285.2(275.7) | 2914 (281.9)
corr.TIT (act) ‘c 13! 1291.5 (1350.9) | 1359.1 (1346.1) | 1412.3 (1278.2) | 1381.5 (1344.7)
Thermal Eff. % 42 386 39.7 40.5 40.1
Presure Ratio - 8 1.32 1.59 7.61 793
Air Intake - - Natural Intake N2 Spray N2 Spray Natursl Intake
Recuperator - - 19 Fins - 99 Fins 49X 2 Fins
Heavily Air Leak|Original GGT/R,
Remarks - - Abradable PT/S
(T/C 0.2mm)
Engine No. Unit | Target #4-37 #4-39
Inlet Air Temp. | °C 15 5.3 137 89 43
corrN1(actN1)| % 100 100.8 (98.0) 100.2 (100.0) 100.0 (99.2) 102.1 (100.2)
[ N2 % 100 106.1 106.0 105.0 108.1
icorr.! ut (act.) kW 300 311.3 (305.7) 307.0(306.1) 304.1(302.9) 321.6(311.8)

comTM(act) | °C | 1350 [1399.7 (1343.4) | 1393.8 (1386.5) | 1408.9 (1379.0) | 1396.4 (1334.3) |
Thermal Eff. | % 42 409 404 407 421
Presure Ratio | — ] 8.25 8.19 8.09 8.48
Air Intake - - N2 Spra Natural Intake | Natural Intake N2 Spray
Reouperator el - 49 % 2 Fins -
Original GAT/R (Use 76,000rpm turbine into | Abradable PT/S
Remarks - ~ | 84,000rom engine), Abradable PT/S (T/C 0.2mm) (/¢ 0-1"';70-/R

CGT302 Performance Progress

“
Target {Pilot CGT)
42

"
§ 40 (g ra
g /’:’, -~
g 38 = t’ P 2
.,,",’f ’f N
g A AE/G(#4-39)
s 3 P LT —
£ e » E/G(#4-37)
2 & —
=7 ¢ | 2y s & E/G(#4~31)
iy v
, ll o2’ « E/G(#4-27)|__|
32 i
1!’-37 #4-27 #
30
1050 1150 1250 1350 1450

Turbine Inlet Temp.(°C)

17 84 vy b %R

BIEFANE WD, Y=V — IV ERREM XD
By —¥Y oy Aang— FERIRE X,

2) DEFEHEOLFEIZOVTIRAIETRRzDTH
W3 %o

3) IZonTlE, —BICZ VIV LORBERS T
T LT, BEB ENTMEEE 25, CGT 302 Tldx
TR B — Y Y REICIT TE ERREE %
BHLBRBREZROTITREZLTWAYE®, 51Ty
VUyRMMEWBTHIET 1% [BOBRLENTE
5 (BREfE) B Ghol. TDRD, F—T VT,
B ST B AT 12 C R D HE AR H 7z, WIEVLE 217 -
72 CGT 302 JEdmikin % X 18 IZ/R T,

4) OBREHIZOWTIREEL Y Y Uiz L X
HHMETIE RV, TV VORAREEZ FIFTXY
BW LNV TOBERRBVITZ A L)L DTH S,
—HRICHA R Y — Y DO TIT ICHIRY D 5 720,
WRIBEO LA LK TTLDEL D, TD72D,
RIED EDHEL T, ERRETORBRINEL 25,
CGT 302 T, EimABEEO T v ¥ Y BALIZHRE
BEEE ) ANVERT, BRRIBEL2 TF0KE21To 72
BEEE ) AN S TICRBRRE M 19 R T,

CITREEBIIL L VY UMREANORBNMELE
% BH, FEHICHRET LR, BCHELZVWIOTH S,

18 CGT 302 :Eimikin (Wi L)
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TR o —

ZHIZDOWTRIIH ZRT, TV S/ N#4-31 %5
BICT, GGT M=% (N1) 785% L EDRERIZB W
T, BEDVELAMBILD 7% WEL-RBRE2ERL 720
ZRICEY, UV VBRIREIR 29T 25 14T & &
D, 15C OWAREEBRIE SNz BRDOBFEEE
13 78.03% 75 79.65% L7z 572)

FHHEEOKE, ERMIRETIEEREN Lo 2B E
IR,

1) &R (E&) & —-0.24%

2) hh -0.02%

3) BRhH +0.01%
Lol

4.3 FRAMASESER

CGT 302 OHEA A by Ve dR BRI, BEFHABRIC THE
RINTBRBES © ERITHER LT bz, NOx i E
(22wt 31.7 ppm (0.=16%) HSHEFR S N7z, FHl
ENF—% %20 1R,

—_
[=3
o

1 l

Main Fuel Ratio : 100%
Prim. Fuel Ratio ; 0%

R -

oo
o

[o2d
o

-
o

n
(=3

NOx [16% O2] (ppm)

0

1100 1150 1200 1250 1300 1350
Turbine Inlet Temperature (deg-C)

20 KRBESFHEIN NOx f (FEHHR)

L

B 21 2%y — VMEERBRER M (R HEE)

B4 22 1000 Ry R e EERE OBRBERF 5 1 F

FEHERE (NOx : 8.9 ppm) I3t LEEEEMEILL T
0%, EFRABRTIIBRREOALD - HODOZEK - 72
HNDPHBERThHo7z2 2zt L, VY v EETIED
O Ro 72N TH B EHES N, BEEO SR
bol:lzobEZ b5, B, FWITITHER B IERE
DRBIVEZLND,

4.4 REFEEERHR

CGT 302 13 PR 94ERED 5, EH LTS 3 v
7 5 Ot AME 2 W38 5 729, TIT =1200T 12T 1000
R ol % A8 LA RS E S 7z, &g
REIF LRI Oy r— VEERBIC TR SN
Too B 211208y A — ViEkn BRI 2 R T

BRI, WSS (Weekly Start Stop) €— KT 314
O BIRRERAAT b 722%, W b RERIE I L 1000
R B O EBLEIR IS I E S o 2o BRI ZhEh
592, 519, 782 (1,000) WERJiC#b o7z, %, 3MH
DORERP T TIXIRBERF 7 4 T F O ) OB AS 7
CHHWMEETH - 72720, F D 1000 BefE F ToORER
Al S, MRDERI S iz K22 12 1000 B E G
BORBEIRTA T E2RT, &b, BOMBFETIIFFC
MEEOREIR R, FOT FMAHTEE L HRF S iz,

READEBCTHM L2 213, GGT v — 7 iR L
T Z EHEH ERE BN, FRELATS 3 B oERR
BOWTIZOWTH I— 7 OfHEROFEHIZIEES
ol T I v Z2HEHIMIET 5 LMD WK IS
Wrahs -0, BEEROFRHIIBRO THETH S, T
HEINLERELTEUTOZ EPBE I,

1) £33 v 27¥EO%Ht

2) Bk

3) FOD
4) LYY VI A
5) ZFofi

%8B, 4) oI AP LTE, vV,
IV I VOMBEREI T2 E, WD FREBHK

# 8 RiHRBERRH

TIT . Lo %
1200°C~ 2,117 hr 57 min
1100~1200°C 10 hr 40 min
1000~ 1100°C 8 hr 04 min

~1000°C 9 hr 29 min
3 A 2,146 hr 10 min

EmEH 137
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I3y IHIZ—EL (CGT 302) DMEFRRE

BEAAR 42— 25

At

R 2 5 10 R EE ISR L T 2 72 JRIK o] gk
PHEHENTLDTH L, S ICRIFHERRRIZE T
HEEBEROY <) —Z2RT

5. ¥&£8

1) CGT 30213, HRBEOEIE 42.1% %2 EFEL,
72 EM ST 31.7 ppm D NOx HE Ml % 32
LT, 7udas rOBEZERL,

2) TIT =1200C 2 BT 5 1000 B it A A BRI, 782
BRI CHIBE L7288, BRBESR S 4 FICD W T HED

1000 B EER 2 HERR L, ARHCIBE LTI ISR
Lif;ﬁ"ﬁ f:o

6. HEF
COBFFEITH T AV X — - EEBMN ARG B R

Download service for the GTSJ member of ID , via 18.188.0.144, 2025/05/05, 20 —

> >

(NEDO) »bEEZZITEMLALZDDOTH B, 2=
\Z NEDO 7% & IS B BT Th 5 @S THEBIN
RS HBEE2ERLET, 26 TREAMAERIELEDR
IS, FEIORE TERASH, S 5IITITANZE

-

S Ao e TORRICHEREL T3,

BEW

(1) K. Nishio, et al, 1995, “Development of 300 kW Class Ce-
ramic Gas Turbine (CGT 302)", ASME 95— GT 264

(2) I Takehara, et al, 1996, “Research and Development of Ce-
ramic Gas Turbine (CGT 302)", ASME 96—GT —477

(3) “Research and Development on Ceramic Gas Turbine (300
kW class), FY 1998 Annual Report”, 1999, NEDO Japan

(4) T. Tatsumi, et al, “Development Summary of the 300 kW Ce-
ramic Gas Turbine CGT 302", ASME 99—-GT —105
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Y4 - 300 kWS I v 7 Ry —VE

ABAAZR4—E 2R

Vol. 27 No. 5 1999.9

CGT 301 &5 3 v 7 EHEPIF

1. IUBIC
tIIvIADOETLIENLWREEEZTHL, 57—
Y ALOREE 1350C, #%F 2% ogHELII vy
HAY -V Ly IV VERDDIZ, EHEEIIv I
B EEM O e R EM L 720 K 63 FE ) SHF
JERBEERMG L, FHR6FE T TO 7 HERMIC1200T &
AERICGT Ht I Iy 7 HMmoOmMsEmEr, F/2Fm7
AERED O PR 10 £ T TO 4 ER1X 1350T 7s4 1y b
CGTRtI I v /7 HMOMAERRE 21T - 20%, CGT
301y I v eFEREII v/ HEERLIIICRT. H
KA VWD, BRLBEREOLT Iy sE#ETRE,

ZE I

SHIMAMORI Toru

A

YAMAMOTO Tsutomu

T2, HAKEBRMSER AT 45 ik T 2 S By O B
P OB ERFEZHY L7z,

ARTIE, X1y b CGT #mm & H.0IC LT m#
EBAMTFENZ & BUAE L 72306 D FRiRS R 12> W TIRAE
T 5

2. BAMHE

HABERBICEA LT Iy 7MBRELISRT 3
HoORLHEETH S, SN-881F1400C  THERT %
RETHEBILEEICDEN LR TH Y, BiFSIE
RENZEE - PREES: - A BEBESIEHE L7z, $70,

1 CGT301x=ryréktg3IvriBm

BEAESZ 19994E5 A 17 H
*1 HAESA 8 EBHIZT
T467-8530 FHER HETHIHEXEME 2-56
* 2 OARESBRMER LEp7ee
T485-8510 ZAINL/INMETH K T4 1852808

]
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AARAX 52— E F55

ST-1 iR P58 EE T 1100 MPa & W9 FEHICE
WIHERETAMETH Y, BEICEH L. E561,
MR R RTH S SN-84 12 800T THEH I N B #xL
HESERSZEH L7

3. MARSEHETORMRE
3.1 B

EHEEBE (K2) ROEEESHR (M3 &, ¥R
EEBTAAZIMAALN T vy K —E oK
BLoTwhb, 53y 78IRS —E 2RI,
bBRGIROTHEEE GEWIBE 0.1 mm) & &EE
BRICT R 9 % Fe5 7 MR EREE A Bk S iz,

OB R OCE B B3 & ) 8 e LT, S &
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3.4 X70O-)b « H R EBEBR

Az a—NVE, TYI—Hr—2R, A VF—=r—A, 7
TJLZ7 7D 3EmPhOHEEINE, TUF—Fr—RIID
WU, #AR CGT 44, BHRHFAABIBIZLD 4
ODFANRKRDET Ay MR BEL, MV HRICHEHET
AR % ks L—ME T 2B E - 72 T UL, BTN

K7 842y b CGT AGGT / ANT vt ¥ TV

ERWE : -0.05~+0.15 mm
B E A

Con)

:=0.03~+0.10 nm 115

N
o

25 20 15 10
(om)

8 GGT 7 ANVEFLIKMEHER

XL LThEBEETRA L0 THL, LnLl, Y
B, LUV VRBIIBWT, —ABRTEELTWS
A VF—Hr—R, FILZ ZICHEPEL RN L5
SNCHY, TIF—r—RAZDOWTH—REIZEREL
72 SNHIE, CCT302kF I v Z7HMmOHBT, &dD
KELEMTHD. BRARBERIBETH L7720, HEkR
BREEZRAL, WELGORBEITo2, 4By b
CGTHOAZu—nN%aM 92737,

GGT 7w ¥—U>2, PT¥2 + 79 %—, PT¥7”
M U F—FOF ABBERMIE, wIhdb CIPEEIC
THEMEZEWEL, WEHIIMTIZ X DB L THER L TW
Bo $RIZ, HWABHIRE D S0% 3RILHBIRE o T
W7, NCITIZ X Y ATE DR Z MR L 72,

PT Y25 % FizowTid, AR CGT TixdE#
DHDOHBANS NI, 84Ty b CCT O L4, if#h
o kM PTU—F—DMOF v TI VT T
YARBAEEH T L R EEIC, SN282Z B E W
tIIv sy —RBEEBERA LA, 5615, XM uav b
CCT kT, =Y ryUkombExzHiEL, Fv
FrYTG VA E0.2mmICRET A EEFHNIC,
VAT RDTTVLA T TIMEEBRE L7z, ZDk0IC
OB WEILESB LT VR ZHEL, 2
OMEA SN282 O PT =257 FHEICES L%
COHAERETHINTL, FEOTEBELZET LV 2
T REHBR L. K217 TLAF TV =A%
2T EMBORENRFELZ RS, COYa2FTF

K9 »N4uy FCGTHI—EyAZu—N

77 VA T T VA ORERFEE

Ak M| 5 B
HE 1. 88
dh o 58 BE iR 96
(MPa) 1000C 101
B R RT~ 400C 2. 0
%% RT~ 800C 2. 5
(10%/°C) RT~1000C 2. 7
RT~1200C 2. 9
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7

A -

BAARE—E %o

EFLVYVCHARAR, 0.2mmDF vy T2 )T 5 VA
TOLY I VRBzERL, ZOHRE, PTu—%—
LTy FEDTHIRDONLN, u—r—HEB X
Pyagy FNIEIIZZ T v 7 SoBEBEBRE ST,
EDTTUVA T TVHREELH L Tn5 I EPFEIES L/,
IV VRBBED Y 2T FORREZR 10 I2RT,

3.5 I—IERH (V2 T8)

V7B, WA A EEHMET S
V=TT EFAY =V EAWNETAEI—LY) VT
D2EBMICHTETE L, CGT32 v IV vIi2BwnT
&, Ao —T) 2R L v —T ) T
DEVEI DT> TIE, FOHEHMOMLE & DI,
EDRT) 2155 72D DOFRETEAM - HTHAN - Sl 2
BZEL, TV VFAMIBOWTHELRIELTVWSZ
EERWMER L. =) YTz owTIE, AERENCEED
ELOT7 5 —v— eI, NERBICEDZETE
HAVF == U ZIZOWTHEREERTY, RIS
VnvlERFOZEEFHERAL .

4. CGT 302 ZRahFHEH T OB R R
4.1 YY) H U IS & 558 T

BRI OMEREE T 52 LB, EBO
o iy 290 B L, JISIC3E0 < shEE R
RPERLA, FC, BUREREICE LRI WIS HIMPREL,
FBRRBETCTHHAINS GCGTue—7—ICBL T, &
e REAETH S SN281 AL, WWhBLIZXKS
WREERHE 24T 5720 COMEEKIITRT, TOKLY
HO2% X912, MY HLICEB T 5 1500C ORGE
BREE (FEHIE 20%) 12490 MPa TH b, HIEAE D 400
MPaAEZER T LI ENTETV S, T4 TIVERE
WKELT 22086 Thh, BETHS 20 L E%E
W L7zo & 51, M BRI OMERTE LML, GGT
U—8 —~O@EHICHT 2R EML 720 K 4ISHM
LI L 2Rl RZR L, BEEEMEICBVYTD
HiE% FRIAHERZEONDLZ ENbhol, X512,

K10 TIT1,350C COZY IV RBHBEDOTTLA T T
Va5 R (FyTFTY)FTF A 0.2mm)

COMUWLEMETEELAZGCT o —% —id, |iET
DAEYTAMEERL, EHKD 100% ORBICEB T
LWL W LR I NIz,

4.2 RELEM (RELFZA40 & 2 EEGRE)

TR D B LA X B REESFAR VG AT LT, MIERERIC
SHLTAY YT AYICE DWEREMRA T ElT 5 & &
BT, M OSREEMRAEFAMIFE . & B8 L7z, B TR
WERENC X ) AN EHTE LA VT A ZEA
L, GGT u—%—, PT u—% —Onl§{Ral R % 17 -
72o MREMEIZ L ZNENERRBIEID 120% TIT- T
W7eds, YU Lo L ) EREESER S R,
%43y b CGT OHFIZIZ, GGT u—4% —135%, PT
U—%—130% O SNV — 7 REEHERE L. £/, X4
AEYFAZIE, BRI F = AF 22X BB
2T 82 MM, oM E & 3o piE
EREOMIASEOIBEITZ S X HIC L,

4.3 RAEFEELHER

A7 vy MEEICIE, TIT 251,200C T 1000
K O RREIHAL Y O VB ER S Nz, RO
SEEABRTIIAM IR, 7)) — R E & B, B by
MWW EEE 2o TL b0 WERMEOBR LA, 2%E L
DO HBE, FETTITbTniz, L LEERED
IV VTR, MESNAEZFHETTES I v 7B E
ANz 7:20, MET TOREEZTRT 5 EHE
Il 5T b, £ZT4MHIL, 1,200C T1.0MPa
DRFINE G TORRALRER % FiMi L7z B L 2240R
1%, SN 252, SN 282, SN281 TH 5, RERIZHB VT,
MR BRORE N WIS 2 RET 5720, Bt
MBSO RTE %175 TR WERERE % L T %M
L7

X 1112, 1,200C, 1.0 MPa K& E &4 T o8t
ABBOEERMEZRT, SN281, SN 282 DB L&
1%, SN252 D% 1.3 TH1, 1000 K TiL 0.23 mg
S BETH 7 INEFHIETOR/RELRS &,

#£3 GETu——2600 o M LRBRFIZE S

AR B A SR
(ME:SN281)
L] EE B 4 45 F

wiEME (15007C)

e A 4% BiE 3 BE 4 0 0MPa ik 4 9 OMPa

(FEHE 2 0%)

U A 7 R¥ (15000C) 20k (BEH) 22
WEDEE (ZR) 8 MPa - m'”72pk 6. 2MPa - m'/?

4 AHUBRMEE AW CSEETM2S 08 L

PR S R
HH H 2l BN A 7T v-b 497" GGT o — % —
ZERE — 6 2 0 MPa 6 0 0 MPa 6 0 0 MPa
1400°C34 B E— 41 OMPa 4 0 0 MPa 4 1 OMPa
HIESEE 8MPa - m'* [ 8. 0O 8. 0 8. 3*
AR MPa : m!? MPa - m!”? MPa + m!'?

H*: SEPBHBIETHESHELRE, (HRBRAI%X=223)
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SN 281, 282 TH# 1.54%, BILMEIKE Lo Twa,
CHUIEINC X YV EERGEA R L, Mk (ML)
DBRFOIBSMA SN RTHDLEZONS, U
LOME»S, MERETIZBWTH 10000 B R# O
SN 281, SN 282 DAL EIZ 0.5 mg c’ IRETH 5
Ly, BETCTOBNZMBILEZERL TS
ZlBbrs,
4.4 MEREZHER

RBEN AR S N8B by A RoMELILEs % H
BT B0, WRBET ARBERBREEML 72, REBEH LG
fili7 o v IHICEE Ly b SNTIRBET, BREEH 2 12I%
BIND RERE GURIRT 22X 5 HERE R (R
BAAEDIKRIE, TARBEHEE 240m B), BX
OB RBET AT RER (TEJ) 0.4 MPa, & A ¥ # 50
m/ ) EFEML 72, FMRBERFEIRE 1,200C T,
BRI A AR B RERICBWT, SN 281 OB X LI %
AR 100 BRE IR S ¢ - B0 ERBAIE, 1.2 mg cm’
EY, BEEIN-HSOREZELD 10um~20 pm &
WIARNESWEE B oze 72, HHEXLBEXPE»OX
ELEMAZLTEBLT, TOLRMTTIE, ZTwED
BRBEH AW X B0 — Y g VOBBITKRE v &K
L7
4.5 FOD (Foreign Object Damage) B

Y7 Iy I MEHIEENETH S DI REWIC X B
HMWEED Db 5 L BEHITRITRPENLFEET H, 20
ZEERERETHEEYT 20— R EDOTEERMIZE - T
B EREATHY, REWICLZET I v 7 HE OB
BT B9 % AR & FESL 5 2 72 012 T 3EH Bedhi bt
WAk 8RR & L CRMli iR OB 21T, FEME, &
BEROLT I v 7 BMICERORT 2 E22 88, 20
WIBTLRE OB % AT o 720 X 12 12 37 SR BR 3 i o 48
BRT . AEEIL, BEEICLIYVTZAVIS Y ALRERE
B, TOTANVE—IZLyB/NIORMEZITHITZ
ENTE D, RAKOMEL, Y~V h—aN) M
ATHY, TOBORMKOEEL, 2HMOEE ST
A NVOHEZOBAERT ZBROEMEOEIIZX

10 &

[N

§ 1

)

£ -

\i 4 SN2 |

o m SN282

A ® SN281

& A& SN252 (BFE)
O SN282 ()
O SN281 (M)

001 : : e
10 100 1,000
BALEER (hr)

11 MEBILRERIC X 2 BERMINE
(1,200C, 1.0MPa)

DEHIICX 2, REREICIX, GGT U — % —2 580 i
LZBEROREBR 2V, S ORBRE OBREZ X 13
RL, RBEREN 1418, SRORBKTIE, &
MAEOHEALE THIEE S, L=V rTy YDAaD
BB A BIE SN, ThUE, Wik 4L
TSR T I v 7 RPREIE L, HBEERTR
LHIEIEVEOBCESCHIBICE L AKRLTSRY
IHEREZELDDEEZ OND, TOWERED D
DEHKREDATRLT VS, ZOFRKRLY, FL—Y
YT DOHRMEET HE— FICB LTI, BBRRLHMEICK
ELEIEANLZ LR D, 7EL, Rk ER
L72Ba X D BET 58 (ATRT) ICELTE, B
FEREFIZL ) EORIMEA E— N CrenmkEicE
LHEVWEIICTHILNTELI DL B, 12751,
MEIZEZZCELTE, SRORBETEINS»IT S

X 12 FOD 3ERZEE D418

13 RARB

RS R PR J A
FER o0 a© 4
SN2B82HT B R A A
SN28 1§ QO QAEOHAA A
A ff%%i: D%{i}ﬁ -
” A Vv—I) DR
SN281ftk® | O o TA O MWL
| I | |

200 300 400 500 600 700 800
B (m/sec)

M 14 =R TO FOD #BH; R
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AAHZXZ2—E ¥R

CEETELRDP oI, SN LRBT— 5 2 HAEA
B EICEY, WE, MEEFEOMEREL FODIZL S
BELOMEZHALMITAE L BT, FODIZX 54E
BDOL 7 VE R BEREFFEFIIOVWTHRZRD
HIEWNTEDLEEZ B,

5. £¢&8
300KkWHtIIvrHF Ry —¥EyOMERBIIEY
T, TV PEERE I 2R BB 7 & TR
R ORESL 2 ER L 720 & OFER, LB ERM OB
REBICBVTR, HAEREEOHELER T L L
BT, EHWOYHLIZTES I vy 7O BB L &
BB LN TER, T/, SHliEMOMERREICE Y
T, LYV UVBRBETTHARETHEEZONDHHEN
W2 A KRR MBI O ER L, SBROMMAR
KT TOEELZMRBEBLIENTEL, KFadx
7 NIBIFBINLOBEIR, §HBOET Iy 7 ERME

FIALICET - BB EEE 25 D EHET %0
Bbhiz, AFERBIBEEEE TEBEMED
—a—H Ui v A4 VETEO—®RE LT, NEDOPHD
BRI VHRESNTDIDOTH D, BRSO THHEIC
B L B ET,

BENXE

(1) Arakawa, H, Suzuki, T, Saito, K, Tamura, S, Kishi, S,
ASME Paper 97 —GT — 87

(2) Tatsumi, T, Takehara, I, Ichikawa, Y. Proceedings of the
1995 Yokohama International Gas Turbine Congress, 95 — YOK-
OHAMA —-IGTC-125

(3) Ichikawa, Y. Tatsumi, T. Nakashima, T. Takehara, I, Ko-
bayashi, H, ASME Paper 97 — GT — 461

(4) Tatsumi, T. Takehara, I, Ichikawa, Y., ASME Paper 99— GT
- 105

(5) Yoshida, M., Tanaka, K, Kubo, T., Terazono, H., Tsuruzono,
S., ASME Paper 98—~ GT — 398
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Heth - 300kW kS I v 2 HAF—Y ¥~
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300 kW #k CGT 7u¥ = 7 MZEIF 5 FOD FHliEAERIC oW T

1. FUBIC

BB AR L7285 LB L2 B3R Led s
— B OB % R T B H B OV THRITSEE L C
WBHBHIT, BEFLIFTIv I HFAY—¥Y Y (CCT) @
Sy R4 (Foreign Object Damage, FOD) ORiE
DB L) IR ->72DFFRK 3 (1991) FENICFIME
ENTHAEREESCBMLIZEREoDITTHo 72"
ZHAOHGO—2IF, ZhF TOENSO FOD i
LV a—35Z¢Tholzo B 4EEDNS, BEIZ
BESTWZ300kW 75 A CCTHFERRE O Y 27
FOHRTFOD #Hili M55 Z LiZ% > TW/zDT,
BESEF 2 AT S X VSRS 2 SR,

MERREZENT L L, AN THEIN TS LS
Iy s HARY—Erradey MR L TEIWIC
FOD W3R tEsd S BN REFERINTETHAS
A (BZE, CHk2)~(6), ZORFLRIERTIIbR
LDOTHY, €53 v 7 BRFOECTHEAEORIZHS
N5 LHEFIND BIRTOERIIIL LWL NS &
EThHotre 72, U—F D XS LS TIEELS
PHIETAOTHIMT LY BT -RVIENDVD 255D
FREMZICRT A S L REM LEELBEEZION
5o LLAds, FLLTHERHWREKICEAER
bt ds, Lk X9 EREOERKIICHENERET T
DEFBRABIIZ SN TWiV, 2O L) RIRETOME
DOEERE) » FRCTORBERIPOOAMELELDITIE
RIFVBEREHLEEDLNS L, FEMIZIZL Y EEN
WZEHMECT X 2 FELBEIC R B WS iz,

ZOX) BERP,S, AT I IR - IBAR
T CORFHRERBIEIZOVTRAT A EDOEFT
% ZlIC L7, HBHMO—#NRERIIOWTIE, #
ZIE, XER1), WFEEZBRL T2z ke l, &5
TIEFENART T Y & b THY LA FOD 3#li % ol
WKEOBBREMODLF LEFNEZFIHL TEONALE
LGRERERBNT 5o

2. FOD &&i%

i - IS RAFCRE ToOR FHBRRREITONE, X
ROZ L OABREVILEING ZEHFDH->TIRED
o BIZIE, ThETOIEREALDORRTHVLNT

BEREZM 199945 8 24 H
* 1 TEBNEE BAMBATBTIET
T 3058564 IR (1T LA 1-2

wH kT

YOSHIDA Hiro

ElHAGEMEAT 556, HFO» 0EBNEEBRETO
MEZRELSTBENBEORELHRAR V72 HHT
5% LTRKBOEREH X ORBT 0T 5 B2 K
B LRENLEE DL, L2AD, NTFORTHES
RELTDH EmPREOHRIEL < 2%, 300 kW #
CCT TRU—% 7L — FOFE % 5 IZIEAY 20 mm #
FEHENSIWLDLHLOTHIEEIZID LBEE &
ThiE%okv, 2, BEOF A (KEOLEEN
2R THONWAHEREHMIZE B X 7 400
ms ' FBEFTTH 5,
2.1 BHREH

D EOWMEZEE R, AATRIEM T AP D WE
#ISE (Electrothermal Gun, A ET #'>) # AT
HZ b L7 ETH vOHERBIZEBBISIVAE
MERL, HrBEREAICE - Bl ZoRBERET S
BLET I AT THFEMETEDDTH B, KEFFET
BEX15um, H2mm, EE20mm D7V I =7 A
I 2~4kVOBIED D L TE— 7 5~10kA D/5
ABRER L 72e BET LTI AYEN 35 MPa #2E
LW IND, HALZBRORAKOER, B, A=
ORI A NF—EENEN50kA, 10KV, 50 uF %
LWIC2.5k] THbB, ETH Y OWEEZK 1LIZRT,
YOOFEE Amm TH5B, 72, ETHF£KkiZ30cm
TR LMD TN E W,
2.2 ERNF

R ICEHE G AT L TEE I mm, X 4mg

— f
F =,
=)

100 é/Céo 136
Bl1 ET 4 #ER

O&EM, OUBEBRFNVY—, @A 7 T REHF, OEE,
OREE, ©7)VI=v s, ¥ mm)

#90
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BERAZX&Z2—E 2455

DHF=Y 7L a8V (SmCor) EREMAL 720 W

UL ANV MIBAICRDRTL, I VR A
T5LEOFEBRGES»OEENTHEELFW LT
WRIS R AT A, BN A TELERH T, e
PAOMEICEL Y 2 HENEFTHRETHLDIEL D
BATH Do FFEN 1 mm THRIFTHIT R S %W 2
BHIZ L, 37 IYFA X958 F—F THRYTTEE
Thbo FODIZHTHH TV A4 XORE S BELKR
HIETHLH, SHOBEE Lizv,
2.3 w4 avyFK

B 1 mm OKFZ1E4mm O ET # ¥ TEERS
FTLIERTE RV, 22T, H2IeRit Ly~ 2
TUHREMTLIMBEBAE A bV iCHiBROy <) 74 - 2
NIRRT AEBRLCIELZ2, w4 709Ky 47
oY (PCTFE) #t L/, BEXZEZI2~4mm DOBL D
T50~100 mg BETH 5,

<A 7 RIS AT 729 R EEER < ol
NRFOARPEFEIND L HIThoTwD, Ei, X3
R L IOV RIEBERORIET T A5
Glﬂﬁﬂﬁ'éﬂ)%'fﬂv??‘é”“ BHEDLRLL, 9=

ITHEE ETONLELEET 5. Z OB S 25
cm &% (KTIEA) KRB PBE»NMTCwd, 20
PRBE S R HBERHHH O 4 VEE (22 Tk 3ARDa
ANVESecmMBTREELER1I0cm Db D02 ML

<. IMPACTOR
PARTICLE

MICRO- MICRO-  MICRO-
SABOT-n SABOT-2 SABOT-1

O

K2 ~vA47a4K

2-3mm

4mm dir.

B3 R H
BT RROKED S~

t)%ﬁ<?n@ﬁ%’$ﬁ<?ééo
CTHEBELTBEVWI &L, HRpEMET

+®Wﬁ® SETC) MTEEVFET LI LT, Fhilk
AR TRE R IR ) BRERTICRIIT 2 2 LT L
u)(w)o
2.4 FEREBRFINELR

FlolhRBAE 237 L — FIEZE6mm OEY 7
Fruay Fe—%— T 1,400C £ TMBATEX 5, I
BIZET 7 v o BERWAMAZDOHEA | 2.6~4kPa (20~
30 Torr) BFH AFHRP TITo 720
2.5 Bl-RUTFE

REFIZETOEOE AT 2R84 KDY~
% AL THK 19,600 N (2 ton) D5 - ik ) 7 EAHF 12
Lo TMZONB LI TWnAH, REN FITEROM
H%10mmX2mm & § 5 & B3 F & K 980 MPa @
BlolRYIBHERAMTEDL I LD, THIZACGT
THELTWDIEH 400 MPa T4 75— LTWwh,
FOD #E DM IIR 4 1R TEBY TH b,
2.6 FALLEHBRRH

A L 723 IR 5 12”5 & 9 ARG [ 588 b
RBHRLO—F 2o YR LT L — FRRBR TH 5,
KU TR L7 — © BRI ORISR S %
R,

3. REMFM
BREICEZONIZBERNW A NVT—12(1/2)CV: TH
éo::@ ctvidEnhFharsry4—458%4%5
CHARBEETH D, —H, m & v EVFROER L &
Eaﬁé&,_wﬁﬁliwf—uﬂmmw&%éh
o INHLDZANF—%XEBEEES &, T HEEIIH
RE/m"VvIichBlTrEHEINRLIOT, Thai
WG A—F LR LI B, BT HEE L R8T
A—FOMFRER 6 IIRT, HE, BF, HROHM%
uF, kV, mg &9 % & S RIOEBRGFHTORHN /ST X —
FHIFIZ1~3 & oz, BEDIILDEXIFILTL LA

? 400
0

X4 FOD & ong
@ET # v, @Y KR8, @FED A VAR THEE
@I, ®r=—H T agf b, ORBEE, (B mm)
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‘ B5 LR
(@BCIRBER R, 5] o 3R 0 IS ) D354 1E 18 mm () U8R
), ()7 L — FRERR (B4 E)

SR (MR EHR) -
P

1000 5
2 i s
| 800 L
b —
'—g 600 AN
> 400 }
2
E 00
2 |
g e
0 L 1
0 1 2 3
Launch parameter

M6 RfHELEHFNNTA—S

V=362P(C/m)*° V KN FHE ms

HHREEKV, C: A FUyHEREUF, m | TFEE mg

F2 WERLWIE RIS OEEREIN§ 5 R

b —HBREEA L 72 (AL : mm No. | Type| Temp.°C | Tensil | Impact | Rupture: @
e velocity| No rupture:
1 MAHLAET Iy 7 O Stress | |©
Property(unit) A B C D E MPa

Density(g cm”) 326 337 342 34 34 1 | B RT 0 462 O
Bending strength(MPa) 1020 109 760 615 861 2 | B RT 0 493 O
Fracture 60 56 50 68 62 3 | B R.T. 0 542 e
toughness(MPam"?) 4 B R.T. 0 548 ()
Young’s modulus(GPa) 318 317 320 309 318 5 B R.T. 100 357 O
Vickers hardness(GPa) 147 167 142 137 148 6 B R.T. 100 370 O
Poisson’s ratio 026 028 027 028 028 7 | B R.T 100 450 ®
8 | B R.T. 100 454 ®
9 D R.T. 0 592 O
Sy, BEEE NS X -7 12T BIERICH S 10| D RT 0 719 O
b hs, EOSOXFIFEREBINSESE/ME 11 D RT 64 775 @)
$p BIRIFATED S 5D E D7 2 HE I 121 D | 1860 | O | 1000 O
GEIE R OB 2 5 IS R 2 (L DDAV T e =
FEORREZEICLLEEZLN, ThOLOWHEICL D A 15 D 1,350 64 763 ®
EOFBEM L L TE L RARATH S, 16| A 1,000 0 595 ©)
LIAHT, BARES UTIESEN ShaFiad i) 171 A | 1000 | 100 | 885 L

DRETHET LHEG0H5H T E2bho /2" T,

BT 2 KRREPTHLIERRVEEE+RITTHAITIZZE
ﬁMLﬁ%@Mé#k%<ThéT&ﬁ#%é LEE
KL, BFEFLETHL,

4. EEHR
4.1 HREBRFORER

£215, ThETIHELZ2RLZS TICHERTLYD
FloR ) MEEMRBEOELRI L2, B, B
- 5loRDISTVIRETOHmBRRIIAREBICL > TH
DTHLNLBDTHAEILEBFALTBELV, i
Rupture (@) WRRBIPREEII 2B VITEhLLE
DO HEEINBEOZ L TH Y, No rupture(O)
IR PR T EHESR D —RE Lo THREIZ DT

WEBAEDZ L ERTOIDE LT TDX)BKRINR

WO EFRITFM BT I

IR %95,

O 5 2

OBEBALA T 25D THDLZ LiFMEVE Y, *
72, @LOLDOFEBIRIISHT— I BEHLTILIZX

DL AR DD, BEDEIAT—FHIIEL
FATIRRWH DD, 5ok ) IR EROHEICH T
LRRO—mEMAAL I ENTE S,

¥ BOERRICBITAHEHEBRFHIZOVWTRTA L,
Bloik D IS OVERDME WG, BER R TR 493 2
S 542ms™ (RIZ, Z O W o EEE R HE & B
F 2L, (493+542) /2=520ms™) DIZH B (No.2
X 3)o ZT100MPa D50k ) ZMMA % & ERSE A
WEBEE R F 2R L, 370 205 450 ms ™ ([F], (370 +450)
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300kW#E CGT 7B = 7 bCH 3 FOD

SEERER DWW T BAA R E—E%a5%

/2=420ms™) OB THEL Twb No.6& 7)o &
CTOWBEOERICHEZL, HWREEIZ100ms™ Lk
DETFLAZ LR b, HOBREKNIEHIIASH DM M
2Rl TR0V, —oonREdE LTUT
DZENEZOLND, BIH, MERTOZ-NTERS
R E TR D IS & I3 EBIRICDH B EZEETH
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AAH R 2 —EFREE

BRESOENY -V ROGEHA e (K0LT5)
FA0—tigo E¥yF S #HWT~cos™ (0/S) T
EPTELZEBMONTWE S, BREX d. 2BV
HHEOEEHRMAVE ) 2502 L TAL . K

1I2BWT, ()D& ) =AW ABCDEF 2% 2 5 L #
HARDOBIEBERIUTOLH IR 5,
HHE DO

D

fpl Vi cos ardx = p2 VS cos az (2.1)

?%ﬁ (x) Ji 181D EE) & DK
f(p +pV?2cos ai sin a1)dx = (p2+ 02V cos ai sin az) S

A

(2.2)
i (y) HloEsiE o

D
_ﬂpwV%mmmu=w+MWw§mw (2.3)
A

IANLF—DOR

D
/(a T+%pV2>pV cos qudx = <Cﬂ Tz+%pVZ>szzS COS az

A

(2.4)
ZZIZ a1 =—cos™ [()/(S—dte/ cos al)]

pe i R—AFES WERBRROES)

BAREEERL T, BROBRBHSEA0— M2l
ERTHNE R ERZLZHS LTI TR T 5
&, HEREESOEHANLD, XN@.1D~(2.413%4
RE5~@2YDEHITKDOND, K(2.4) TIFHER
BORES M EZEI VL EE TSV MVEE 1 LR
B3 %,

p1Vicos ar(1—d;;—07) = p2Vz cos ez (2.5)
1V cos an sin ai(1—d,; — 0t —83) + (s —p1) tan andy;”
=02V cos az sin az (2.6)
01V cos a(1—dgs—5; —83) + i (L—di*) + pudit
=0V cosaz+pe 2.7

o1Vicosaicy Th(1—d,; —6; —0;) +%p1 V3 cosm
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(2.8)
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WEDL b h b, BRFHIBVW TR ZORAMA %
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3 . EL/?‘i%ﬁJifif“ 27 1/7ERE
o | 05
w
S R
® = O
O S I N s g
= g 05 == == ] + dte/0=0.08
- __._..-// -~~~ dte/0=0.12
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ROBEIX, HHRERWIAAZREDON 25% I FET
b Heo THHERADORAR LIREBROTRE, REZT
ThFETTOEALZ 0 LRI 3 2 L EA D
Bo

BzIET - EOT74 VAGHOEGEZEZ, M4
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K4 74NVAEHBRETERTIALDORE
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mNEmoOEFHEOR (T
G%+GW+@A%@ﬁmm%wM:&%+m&
(3.2)

IANF—DRIE, 0113 Ti=To T1-21

Gicn T+ Gecpe Tee = Gacpe Tz (3.3)
OEBEAIE O, SSHIHMETBOBMERREICL-T
BALZW (hi=p), WBE —%E (=0) &L, L
iz BEme LT TMoRER 2 2R, &F, vy #
WEHRLTRDS &, HHERRAROKREIL, KE,
SiROEIIXG. D), G.2) L) BHICESh, AT —
Ta v 20REENKE L, FLERABOT v KL

-1

(1+¢M7h+¢7w(1+7§1ﬂﬁ>

Ve %
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r—1

M =

(3.4)
TZW¢=G/G THHERMRELERT .
$72, EEOEALIIEEIRKRE AP, /Py TRO B L
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1+r51M22 - 7 2 2
1= T (MF- )

il -
1+—751M,2

Ptl Ptl

Po—Pn _

(3.5)
Ll b, BHBRKEIPNE W (p«1) ELTEMYT
5L,

Ap 7 ppe r=1 2 T oV
b 2M¢(1+ 5 Ml)<1+T.1 2V1cosac)
(3.6)

PELND, ATF—Y gy 2DREEN DY 2DT,
RICEHNEERTORNIBEZTET 2123 AT—2a >
34 TRAE BOESR [0, Gi=Gwo) L THE (8
DEE1-0) LOREEERTZILEN DD, RO
BRE I 2BRIIARN O THERESEZ0LT S
&, FARkICERORIL

Go+Ge = p AV 3.7
EhFmoEgEORE, PIZIEATF—Y 3 r 20LFE
DOWEPATF—2a 3OFEN s TTHEL -
WL ZORERZFRAF2s TRLEMAL s &
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Go(1—0)Vos cos az+(Goo + Ge) Ve cos as

+p3S = G Vi+puS (3.8)

IANF—DKiE

GocsoTro+ Geeoe Tie = GacpaTia (3.9)
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2
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hHbBIEBbhb, 74 NVAGHONEIZE THEHO
VEPEDSREENBEREXTH LD, WHOHRITTERE
M EAHKBTH SO TREZRETO RS, 2K
BED LI b, EBRICH B~y BORELRE
BNZ 7 4 W AERIFLE S S RIT TV A EIIRD v,

3. BREGHZO—MKEHR

AAZ—EVIIBTE, BRSPS — Y RONH
HHO L) ISR OBRTNAOEEL ZT2Y, B8
RED T OENBRVPBET LHEVDH L, TDLIH %
B L AU LR & S ORI OV TERT
H 5o
3.1 BIEBICH T B 1 RTHREER

FEHEVETARD VB W 5 LA O — RITHAUS DWW T
WO LS BB SR TS, T2 TRl
(A) Dz, BEERE GIWTE#E <), Mk (Q) O
D DO~ KILHICOVTHEBER LG M6D&
) BREOMAES R & ARG T L) 2 KL EOB]
VEHEEWT B L

1 da I

|\ \\ p + dp/2 || -

’lf’;%I <« i T+dT
- I
P
= e
i ‘ < . } A+ dA

< dx J.

‘ d
4\\dM§Eﬁ)

X6 #ufziEsBERYER L 1 RTEMHEEROT TV

Mo,

PAV =(o+dp)(V +dV }(A +dA)

do dV  dA
- .
= —%V+ 0 4.1)

EEREORIE, HEEE LS L, FIIEHT 5B
whrc &tsE
PV?A +pA +(p +d7p)dA +edS

=(0+dp)(V +dV)*(A +dA)+(p +dp (A +dA)

= + —+ = .
V2p V p Vep 0 (4.2)

IANF -,

dQ=(MT+JH+%UH@VV—QT—%V?=Qdﬂ
dT . dv _ dO
= R — .
O+ i = (4.3)

Y, dp/p L dT)T ZRMBE LTHL L

BARHRX & —E i
ap __ V*dV _zdS
0 = RT V pA (4.4)
aT _ _ dQ __ . q\ppedV
LHHROMER V = Ma = My/yRT Oxt$dssm
v _aM  dT
|4 M 2T
& BRI ST & BR AR G EANEEEHWTERT L
T=%QN” (4.6)
as _ 4dx
A D (4.7)

OBEEH D, X4, UERALDICRAT S L
< v NBOEALR, ARXDLHITKRFE S,

‘ 7=1ps )
M _ <1+ 7 M (_gé+4cf oMdx | dQ
M M AD 2 GT

(4.8)

KO LIZLR, &F, <~y /Bl LTl %
FAMER) 22 DT, FHE & 2O BRI
dp_dp, M aM
b p <1+T_1M2)M
2

2RHW5E, WEHRZEL, ik, BEEEAHOIRERED
B2 EETEX, 2HEOBRRRDLIITKE S,
dp __ dT M 4Crdx Y M?
T 2 D 2 4.9)
COXOBHAE LT, BEEROL D L@EATHREE O
B) OARICEBAENEELZFMT 5, CG=0&T5&
Ape __dT. M _ yM? dQ
T R T e (4.10)
L ho THUTRBEIC X 0 FAROEFEI R A 2 HE S
naZ e TERBEMNCON S IENELEZERT %0
TRXDREEC X BEHIE, —BOHTR Y —E URBEER
TEM~01 DTN EVRRATITLY 2y VDX
ITAB G HRBE S LY HITIIREL LB Lovbh
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EROBRBERTTIE, T OMIZIRIE:0 i M0 BEEIR L
3N B 728

lﬂf:m+mcﬂg (4.11)
‘2‘10 V12 T}

D X3 BN THIERI K, K & ZBRIISKD THEH
LTwWb, $728 (4.9) E#E 2 i 5 & i
B EBAL LTOHHT, RENREHTLI LIS
X BEHERONE L ZBRERROENREZER L
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EHEEERYVEY PSS 2D, IR R A
LIZERE LT/RZ 505, XEFRRASEIHENLD
ThAHI) Do AETIE, FTHEERORIAIE (XL
WK ANVF—R) 2HILBEOEE LN L2 H#EX,
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EoTHEMINL HEOBWMETI OEFGEMIINET),
LT DL Wiy
- Bk

gtﬂ+v.(pv): 0 (5.1)
- [
g§+V%PW5=0 (5.1)
BE AL, MR F L35
- Jlee

DV _ 1
5= pvp+F (5.2)

LR
DW _ . -1 '
T2 xW pvp+F (5.2)

FRAEBOE 2 EATELINEEE, £ 3EIZa) 49
BEHTQR W ZEETAATYOFINICEAT 5,
o, BERONFLERBETH 5,
—HIANE—-RIIBNHOE 1,21 X Y
ﬂa=w-%§ (5.3)
Whe DRI ND L A E 2 WEMG LB E
- ik
Ds _Dh _1Dp _ Dh lgﬂ_lv.vp (5. 4)
0

Dt Dt pDt Dt pot
- [El$R3

Ds _Dh _1Dp _Dh _10p 1y !

Dt Dt pDt Dt pot pwv‘b 5.4)
ANE D BAG SN DB ED -V ORREY Q LT3
trvbo¥—ogEHRA LY

Ds _ ,
T =@ (5.5)

DEBREH L, T3, BB BT A LF—K%HE
WTAEI, R (5.2) &b

DV _ 1n ‘
VTY_—;WVM+VF (5.6)
K 5.4) DHBLEIHEOKEHEHEHET AL

1
D(h+—vﬂ
2 _19b \yvp.Q (5.7)
D —p0t+VF+Q

M:h+%VZ (5.8)
LEFRTHE

Dh _10p \vp.o ‘

ot pat+VF+Q (5.9

ERVER, MWL REBELEN (VF=0), 20O
ZHEL (Q=0) TRELVIVE—PRESNDIE
Wb, TOEIYZIVE—ZHEHIESEICBT 5o
AINF—RRTEELRETH D, 2.1,. 2.2 ETIT T %
WEF—-REEL VIV L EROEBRN H =cpT: T
HHEZEDPOLEMTVELYEBRLTWD,

ZNTIE, DEGICBWTEIY Z VY — YT 5
bDOWIMTHS ) NEENTHRL),
FAROFME FERIZ, X (.2) kb

w.LW_ —%(W-v)p FWF+W-(Q2y -2 x W)

Dt
(5.10)
W=V+yxQ, U=yxQ X7 MUBRHOARLY
DW_DV _DU_ 2 o0 W (5.11)

Dt Dt Dt

NG A)OHEBESHOFENEZBEELAG. 1D ZHW
A

-Q{h+%uw—%Uﬂ=lQ£ku1nQﬂ+WF+Q

Dt o ot D¢
(5.12)
ZOEAD () NETROLIICEHRT AL
L W Ur :
i=h+y 5 (5.13)
T D_t‘l DX
Di _ ‘

SHITHMIC L 2R EEH (W-F=0), K (Q =0)
Tidi PMREEENAZ IR B, BIEBOZ AV —%
RET DL NVE—h I LEERICB VT
ZW0—% V¥ — (rothalpy) &IFATEY, & — KM
DEHFHETIIILMOENTVEA, FOMOSEIZIE
BZUADPHWOTHMLTCBLE I, T/, #HE=A
IOV 00K WORG%2Veb$5Ei=h-1QV,
L&Y

D _ 5DV
‘Dt_g i (5.15)

&) AW O LAV F LA R TEELBEBRT
Hb, TOPEBRRICOWTIE, KRB D p.39 T 1
RGBT LM —TH b, 2B ORI, HEEY
BT AEBOWAIIH LT MHEET 2RO
THREMERE L TLHTIZT 5,

COXROBEDIBAFIE LT, M3DES ICHRICE
HEREZBEA LRSI L2208 hiconwT£ 2T
Abo A(5.15) & D
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AAAH R4 —FL%a5

A =12 Vo)oi — (72 Vo)in = UZ,— U? (5.16)

12 Uesit, Un @ SHIZZEHO RO ADONE D JEET
Y- VBEIFELTEMBEOL D REHE L ik
D, ThERVETEHHERATHS,

Bz X, M 300kW kg DHAF —E L IZBWT
2% ODHHEREHRCHEHLELH L VP L2 L
THEL, —RICHEEAKICEAT L HHZR A58
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YV TEHHPBTTHRAY — ¥ OBEEIL3.2,/300=
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FRICEZONDLZ LD, RVE Y FBHKRBO -
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ZERORE W LA EZ FIFEORY 135 HEICER S
H72Y, HEERICEHETLRHICTA FX— Y TFikR %
BZ Un 2 KRELTHLREDTIERELTVBHIL B D,
3.3 EEBTI3HEANRBEAOTHEH

B A A Y — Y OREEEEOAERICIE, —RIEFE
HENZHN D HBEIHR L TH Y, SR L2 E3FH
TEDWMBEEIRY B L2 —RUF 4 BT EST
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|
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- _0p
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IANF—RITXG.1) kD
9l _ A
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b,
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e LTidr FRIOADHRNEZE 2 T L v,

K(6.2) Z k& £ ICBE T 2 BERTOMNLEE,
W= v BTS00, HNEFELHNERORE 7
B L EM % & 5, HXEE L HNERE RE7
THT L

1 7T
pﬂ:p(1+15__M'2>7* » M= z’ (6.5)
1 0pr _ 1 8p + r M? oM, (6.6)

pr Or P or (1+Z51M72) o

K6.6)%EE2K6.2IRAT B L

opn _ _7M? 8T yMEAG 2
or = 2T« ar 2 D 7Y 6.7)

F7, X6 DIIMERZ A L35

G = ow A (6.8)
Ehbo N(6.7)DHELE 1 EHIFTMBS & 2 ML,
8 2 TR EEEIAL, 53 HILE.OIIC L 2 BEE A E%
5. EXOMMERMDOEA AT FHMFHREY 72 D
BinER Q 2852 ohhi, R6.49)EFHNT
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LhRDLEND, ZORIF, w=0,tThIT3.2ETHE
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ETHAEIIRE T id¥mL, $IicHmEKhTIRT
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FRRICIREICE L TCO BRI R 2ZE L 21T iE %
5%\,

Download service for the GTSJ Mmember of ID, via 18.188.0.144, 2025/05/05— 48 —



Vol. 27 No. 5 1999.9

HRE—ELEREE — HX4—F L EFkIE 3)— 345

3.4 BRHABOFOOBEH

RiZ, BHAL SN EBEFERXZ LD L) T %
IOV TRT, M 9@DBLGHEDOHEFRIE
HALER—~5 7 boELifeE) 74 & 52 +—180°
SWT) AR ) THE ST S b BT v
SHOD LI IZVAWS L RAEZICHERL L7
WHfETES, HI8DD L HI—2DERIZBWTIER
(6.7) &2 2L L 72K DY Do ThEEFEe DAD
P MO OBRORBROMBRZEZLZHENLHERZ
G ELTRLAGTENRG.S) LY ESBOED LK
BOoBRBLY, BABHoBIAINFY— ([=G) Of
RO B &3 (6.10) &1 5,

Exit

; N
Node, % §
Element . / \
Heat Flux: Q * /§
Nodei . %§ Element
Thermal Barrie: / §
Coating Layer / N
Exit # %%
Metal Layer f\ Node j Coolant Flow: G;
w

N\
Inlet

@ £HEERY LT—7 () RIELEFL
B8 BB Y b T — 7 BTE TV

8 0 -8 0 bri Gi Bor Arw*
0 G 0 -Gi|la - Qut
-8
B
iz

=~

0 -8 0 ||| |G Bor dra?
- G - ‘8 G ij L er
(6.10)

-
e e

ﬁz_ixf<%%+4%fr)

OB, BBEILER Qu 13, HKEZHEETIEOESRE
J@LEEI—T 4 V7D (BIRER, BEX) 284 (i,
tw), (A, te), HAMEGHUO BUzEE, RKEH) =
Kk (og, Se D BEAET5), (a,S) &L, ~KRITDOBUR
B BEREZ T ANORER T, L T5 L

Qo =(Te = T#)/( aglsg + aclsc + ,lzt.ISg +7’;(~§tz’m>

(6.11)

L) I BN 5 2F0OEZRICHARAL K b
Vv 7 A%RED ADOSBREMHORE, EHEHODE
N2 BEREMTHFITRV,

COB, HIEHRIIBUTRIZZERTLIEESR e
DEBRRF LT ANVF—DORGFEOBBRAISEIZ L2 TH
X 620vdb

LG=YG=0, Y L=XL=0 (6.12)
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Abstract

The endbent/swept (EBS) blades have been developed to improve the endwall boundary layer flows in
middle stages of axial compressors. They have three distinctive features: the leading-edge sweep near
the tip and hub to activate the annulus boundary layer flows, the leading-edge bend near the tip and
hub to meet a preferable inlet flow condition, and the same exit metal angle of blade evaluated by a
conventional vortex design method.

The EBS and baseline blades were designed for both of the rotor and stator, and the stage perform-
ance testing was conducted in every combination of the rotor and stator in a low speed compressor
test rig. The results showed that the maximum stage efficiency of the EBS rotor was higher than the
baseline rotor and the considerable increase in surge margin was obtained by using the EBS rotor and
stator. The effects of the EBS rotor and stator on the endwall boundary layer flows were clarified by

B

the flow measurements downstream of the rotor and stator with a hot-wire and 5 hole-probe.
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%1 Blade design details
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radius B B2 o Clo y
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Hub | 157.50 37.4 5.5 1.214 1.618 17.9
Stator
radius o1 o2 o Clo y
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Mid | 191.25 48.7 29.0 0917 1.307 36.2
Hub | 157.50 49.8 29.0 1.113 1.278 36.5
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Tip-Clearance Flow and Shock-wave Interaction
in the Rotor 37 Transonic Compressor Rotor

Abstract

AR —p*! Frank Eulitz**

YAMAMOTO Kazuomi

Dirk Niirnberger** Stefan Schmitt**

A numerical study has been made on the NASA Rotor 37 transonic compressor rotor with focusing on
its tip-clearance flow. By using a high quality multi-block structured grid and the Spalart-Allmaras one
equation turbulence model, the more reliable numerical results reveal the physics of the shock-wave
and tip-clearance flow interaction in the high-speed and high-loading compressor rotor. It is found that
the tip-clearance jet ejected just upstream of the shock root interacting with the normal shock-wave
generates the blockage region downstream of it which has been believed as a result of an interaction

between the tip-vortex and the shock-wave.
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The Exhaust Heat Recovery by the Inverted Brayton Cycle
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Abstract

The inverted Brayton cycle was reconsidered experimentally and analytically in this paper. The cycle
can be operated in the flow passing through the turbine, heat exchanger and compressor by using the
exhaust hot gas with near atmospheric pressure. It is noted that the direction of working fluid is re-
versed in comparison with gas turbines. To confirm the operation of idling and power extracted, the

experiment on the various turbine inlet temperature was carried out by a test rig of 30 mm diameter
turbocharger. Further calculations, based on experimental data, show that the exhaust energy recov-
ery of 20% can be possible under the conditions of 90% turbomachinery adiabatic efficiency and 1150 K

turbine inlet temperature.
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On the Function of Ribs as Secondary Flow Inducer
—Application to Cooling of Gas Turbine Blade Trailing Edge—

2H HRY Robert Kiml*!
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turbine blade, trailing edge, internal cooling, heat transfer, rib-roughened surface,

secondary flow,

Abstract

An Experimental study was conducted to examine the effect of rib-induced flow on the heat transfer
characteristics in a rectangular passage. The ratio of the long and short side walls (aspect ratio) of the
passage cross-section was 2: 1. Oblique ribs were attached to two opposing long side walls with the
two short side walls (top and bottom walls) being left smooth. In this study oblique ribs were intended
to function as a secondary flow inducer as well as a conventional flow-separation-reattachment device
to improve the heat transfer of the bottom wall (one of the short side walls). The results revealed, con-
trary to the common knowledge, that, in order to enhance the heat transfer of the bottom wall, the
oblique ribs should be arranged so that the flow along the ribs hits the top wall instead of the bottom
wall. Flow visualization test was performed to understand the heat transfer mechanisms. It was con-
firmed that the heat transfer enhancement at the bottom wall was attributed to the rib-induced secon-
dary flow where the flow along the ribs hit the top wall, turned back and carried colder and higher-

| #fiTam

momentum air at the passage core toward the bottom wall.
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1. SCHEDULE OF ACTIVITIES

10:30~11:30

Welcome
Registration Reception
16:00~18:00 18:00~
19:30
Registration 9:00~17:00
Exhibition 9:00~17:00
Opening Address Organized Sessions | Technical Sessions
9:15~9:30 13:00~15:15 | 13:00~14:40
Keynote Speeches Organized Sessions | Technical Sessions
9:35~11:50 15:30~17:20 | 14:55~16:10
Registration 9:00~17:00
Exhibition 9:00~17:00
Keynote Speech Technical Sessions
9:00~10:00 13:10~14:50
Technical Sessions Technical Sessions
10:15~11:55 156:10~17:15
Accompanying Persons’ Program
Registration 9:00~17:00
Exhibition 9:00~17:00
- - Banquet
Keynote Speech Technical Sessions 19:00~
9:00~10:00 12:45~14:25 21:00
Keynote Speech Organized Sessions | Technical Sessions

14:40~17:45 | 14:40~17:45

Registration 9:00~17:00

Exhibition 9:00~13:00

Keynote Speech

Technical Sessions 13:00~14:15

- 9:00~10:00
Technical Sessions

Panel Discussion 14:30~17:20

10:15~11:55

Closing Address 17:20~17:30

All-Day Plant Tours

INVITATION
TO
IGTC 99 Kobe

Dear Colleague,

The International Gas Turbine Congress 1999 Kobe is to be held in coming November,
aiming at contributing to further development of gas turbine and turbocharger
technologies in the 21st century through keynote speeches, organized sessions,
technical sessions, panel discussion, and plant tours.

Gas Turbine Society of Japan has been preparing and coordinating these programs as
the sponsoring society, in collaboration with the world's eight leading societies, listed on
the head page.

The occasion of the International Gas Turbine Congress is the most significant event for
researchers and engineers to exchange the latest information on relevant science and

technology. We eagerly anticipate a large number of participants and a lively exchange
of views. :

The site of the upcoming Congress is Kobe, which has completely revived from the ruin
caused by the devastating earthquake that struck the region on January 17, 1995,

- Furthermore, greatly contributing to its ideal location for the Congress is the presence of

many gas turbine manufacturers.

On behalf of the Organizing Committee and the Executive Committee, we cordially invite
you to attend the International Gas Turbine Congress 1999 Kobe and look forward to

seeing you in the fantastic city of Kabe.

Ichiro Ariga Shinji Hayama
Chairman : Chairman
Organizang Committee Executive Committee
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recovery, in the spirit of a "cooperative * For overseas registrants, a credit card

reconstruction,” through mutual help and is acceptable : VISA, MasterCard and
encouragement. Thanks to the continu- Amex.

ous recovery of citizens and enterpre- ¢ Checks or money orders will not be
neurs and the kind support received from accepted.

not only within Japan, but also overseas, * For the On-Site fee payment, cash

the restoration of Kobe City has been (Japanese Yen) or credit card (VISA,

steadily progressing. . MasterCard or Amex) will be accepted.

5. REGISTRATION AND 5.3 Registration at the OO:Q_.mmwm
) Site |

PROCEEDINGS All participants are requested to register

5.1 Pre-Registration| at the registration desk and receive the
A Registration Form is enclosed in this :mammmm_é a.oocamam and :wsm tags.
circular. Please fill in the necessary infor- The registration omq.a <o_._ received must
mation according to the instructions on be shown at the registration desk.
the form, and mail or fax to the registra-

tion office before September 30, 1999. Proceedings
This pre-registration form should be ac-
companied by your remittance. An ac- papers to be presented at the Congress

knowledgement card of your registration will be distributed to every registrant at
will be mailed by the registration office. the registration desk.

A packet of proceedings containing all

.2 Registration Fee|

The registration fee for members, speak-
ers, non-members and full-time students
includes a packet of congress proceed-
ings. All of the Congress registrants are
invited to the Exhibition and Welcome
Reception.

The registration fee will vary according to
the date of your payment, as shown in
Table 1.

Note for Payment :

¢ Please pay by Japanese yen (¥)
through bank transfer to the bank ac-
count indicated on the registration form.
The handling fee is charged to the
payer.
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4. GENERAL INFORMATION distributed at the time of registration at

the Congress Site.
[4.1 Language]
The official language of the Congress is  |4.4 Climate

English. English-Japanese interpretation The climate in November is generally
service will not be provided in any of pleasant; the average temperature is
sessions. 15°C in Kobe. Participants are recom-

mended to bring a sweater and jacket

4.2 Registration & Information since it can be chilly at night,

Desks

Congress Registration and Information (4.5 Location
Desks will be opened at the times and Kobe is a splendid site for the Congress.

places It has a long and well-known tradition of
indicated below : cultural convergence, East and West.
Nov. 14(Sun) 16:00~18:00

More recently, this commercial port has
become a bulwark of the Japanese
economy. The Great Hanshin-Awaji
Earthquake, which struck on January 17,
1995, registering a seismic magnitude of
7.2, robbed us of many precious lives
and ruined much of our familiar town-
scapes. Since that day, when our peace-
The final program, together with the ful lives were destroyed in an instant, we
tentative list of participants, will be have exerted our utmost efforts toward

Nov. 15(Mon)~18(Thu) ~ 9:00~17:00
3F, International Conference Center
Kobe

Travel information will be available at the

travel agent desk.

Table 1

Remitted by Remitted m.zmq
Sept.30(Thu) Oct1(Fri)
’ and On-Site
¥ 50,000 ¥ 55,000
¥ 60,000 ¥ 65,000
¥ 15,000
e ¥ 10,000

*Members of the sponsoring society, collaborating
societies and cooperative societies.
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FAX: +81-6-6376-2362

IGTC'99 Kobe

Registration Form

International Gas Turbine Congress 1999 Kobe

Secretariat use only

Please complete and return this form to : Registration Office, IGTC'99 Kobe
¢/o Inter Group Corp. Builco Bldg., 3-7-3, Nakatsu, Kita-ku, Osaka 531-0071, Japan

Phone: +81-6-6372-3051

Fax: +81-6-6376-2362

E-mail: igcong@po.iijnet.or.jp

Please type or write mn block letters.
Participant

First — Pdde
First, Middle Names
Family Name
Title O Prof. O Dr. O Mr. O Ms. O Other Nationality

Company
Mailing Dept.
Address

Address

O Office
0O Home

Countey E-Mail

Phone _ + ext Fax |+
Paper ID No. H Speaker w

only
. First Name Middle Name Family Name
Accompanying Person Mr./Ms.
Conference Fee
mmmommwwe WMOWLMN—. Quantity|  Sub total

Members*/ Speakers Society Membezship No. 0O ¥ 50,000 |0 ¥ 55,000
Non-members —— T 0O ¥ 60,000 [0 ¥ 65,000 1
Fulltime students | Professor O ¥ 15,000

— —_
Accompanying person T — // O ¥ 10,000
* of ing society, ing societies and coop societies

*Conference fee includes Proceedings and Welcome Reception.

*Fee for Accompanying Person includes Welcome Reception and Accompanying person Program
*For registration for Accompanying person Program and Banquet, please complete the attached 'Hotel/Tour Reservation Form'.

Total | ¥

Method of Payment

Payment should be made by Credit Card (VISA, MasterCard or American Express Only) or through a bank in

Japanese YEN.

[ I agree to remit the registration fee in Japanese YEN by (O VISA [0 MasterCard {J American Express
Payment Enclosed : ¥ Expiry Date: Month _ i \_ Year _ H *
Card No: | H : H ; ; : : H : : H H H i : |
Holder’s Name :, Signature :,

[J I have remitted the above grand total of ¥ on (date) through

(Bank Name) (Branch Name)

to the following account in Japanese YEN.

Name of bank  : Sanwa Bank, Osaka Ekimae Branch

Name. of Account : IGTC’99 Kobe
Account No. : 5321062

- Registration is not

Note : PERSONAL CHECKS OR BANK DRAFTS

NOT ACCEPTABLE

+ Payment must be made in Japanese yen.

possible without payment of conference fee.

« For additional registrations, please photocopy this form and send to
Secretariat after completion.

9. CANCELLATIONS

Cancellation of the registration for the
Congress must be received in writing by
Registration Office. The foliwing cancel-
lation fees will be deducted before re-
funding.

Postmarked : By October 31

..................2.2....I.wOO\D On —Jﬁ qmm

On or after November 1

+100% of the fee
No refunds is available for cancellations
of the Banquet and Plant Tour.
The proceedings will be mailed to the
applicants regardless of the date of can-
cellation.

10. CORRESPONDENCE

* Inquiries concerning the technical pro-
gram should be addressed to :
Dr. T.Tamaru
National Aerospace Laboratory
7-44-1, Jindaiji Higashi Machi, Chofu,
Tokyo 182-8522, Japan
TEL : +81-422-40-3490
FAX : +81-422-40-3446
E-MAILL : igtc@nal. go. jp

¢ Inquiries concerning the registration
should be addressed to :
IGTC '99 Kobe Registration Office
c/o Inter Group Corp

28

Builco Bldg., 3-7-3, Nakatsu, Kita-ku,
Osaka 531-0071, Japan

TEL : +81-6-6372-3051

FAX : +81-6-6376-2362

E-MAIL : igcong@po. iijnet. or. jp

* Inquiries concerning the travel, tour
and hotel accommodation should be
addressed to :

Zenkoku Kanko, Co., Ltd.

3-7-7, kitanagasadori, Chuo-ku,
Kobe 650-0012, Japan

TEL ; +81-78-321-2841

FAX : +81-78-392-0378

E-MAIL : zenkan@silver. ocn. ne. jp

¢ Inquiries concerning the exhibition
should be addressed to :
IGTC '99 Kobe Exhibition Office
c/o Chuo Senden Kikaku Co., Ltd
2-13-3, Mukogaoka, Bunkyo-ku.
Tokyo 113-0023, Japan
TEL : +81-3-3821-8141
FAX : +81-3-3823-2628
E-MAIL : chusen@sepia. ocn. ne. jp

11. FURTHER INFORMATION

For further infomation after this circular,
please visit our WEB site :
http : //www. jade. dti. ne. jp/"igtc99
http : //www. nal. go. jp/igtc/
Final session program will be announced
on this WEB page.
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